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Purpose: To explore the value of medical three-dimensional visualization technology in
precise preoperative assessment of complex abdominal wall defects.
Methods: The clinical data of 30 patients were analyzed retrospectively from
November 2017 to December 2020 in our department. Ten patients had abdominal wall
hernias and 20 patients suffered from abdominal wall tumors. CT examination was per
formed, and data were stored in the form of DICOM. Three-dimensional reconstruction and
related data analysis were performed by Medraw software, which can accurately show the
calculation of the abdominal wall defect area, abdominal wall defect classification and
zoning.
Results: The ratio of the volume of the hernia sac to the whole abdominal volume in 10
patients with abdominal wall hernia was 4.75%. The average ratio of defect area to the whole
abdominal wall in 16 patients suffered from abdominal wall tumors was 17.68%.
Preoperative three-dimensional reconstruction can accurately obtain an average abdominal
wall defect area of 227.83 ± 157.33 cm2 and accurate abdominal wall classification and
zoning. Combined with clinical information, we can develop personalized surgical plans for
patients. The average operating time was 5.39 ± 2.71 h, respectively, and the average hospital
stay was 22.77 ± 11.59 days. The mean follow-up time was 21.09 ± 9.72 months. The
incidence of postoperative complications was 23.33% (7/30). The recurrence rates of inci
sional hernias and abdominal wall tumors were 20.00% (2/10) and 15.00% (3/20), respec
tively. The patient survival rate was 86.67% (26/30).
Conclusion: Three-dimensional visualization technology can be used for the accurate
evaluation of patients with complex abdominal defects before surgery and can help surgeons
design personalized surgical plans for patients.
Keywords: three-dimensional visualization, complex abdominal wall defects, abdominal
wall tumor, abdominal wall reconstruction
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Computer technology has made digital medicine represented by artificial intelligence
an important direction of medical development in the 21st century. In 2012, Lambin
proposed the concept of radiomics, which refers to the high-throughput and automatic
quantitative analysis of CT, MRI, PET and other large-scale imaging data through
machine learning to achieve tumor segmentation, feature extraction and model
establishment.1 However, these two-dimensional imaging methods cannot provide
clinicians with intuitive, stereoscopic, and omnidirectional images to reflect the
relationship between the tumor and adjacent organs.2 Deeper prediction and analysis
are performed to transform the image information into deep-level disease features to
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assist physicians in making accurate diagnoses. As a new
type of computer-assisted imaging technology, threedimensional visualization (3DV) exhibits accurate, intuitive
and clear three-dimensional images through powerful post
processing functions and helps surgeons assess surgical
risks, design surgical planning and simulate surgery and
intraoperative navigation.3 3DV was rapidly developed in
many medical fields and applied to clinical departments,
such as orthopedics, general surgery, and neurosurgery.4–7
With the help of 3DV, it was more intuitive for surgeons to
sense the anatomy of diseases, and to develop personalized
treatment plans for patients.8 However, there have been no
published reports on the use of 3DV for complex abdominal
wall defects. The aim of this study was to evaluate the value
of 3DV for reconstructing complex abdominal wall defects.

Patients and Methods
Patient Information
From November 2017 to December 2020, clinical data of
30 patients with complex abdominal wall defects were
collected from the Department of General Surgery,
Shanghai Ninth People’s Hospital, Shanghai Jiao Tong
University School of Medicine. The mean age of the
patients was 51.27 ± 19.02 years, and the mean score of
American society of anesthesiologists (ASA) physical sta
tus classification system was 1.97 ± 0.67; 10 patients had
abdominal wall hernias, and 20 patients had abdominal
wall tumors. All patients signed an informed consent
form before surgery. The study was approved by the
Ethics Committee of Shanghai Ninth People’s Hospital
(SH9H-2020-TK376-1). This study was conducted in
accordance with the declaration of Helsinki.

Preoperative CT Examination
All patients underwent total abdominal enhanced CT with
a layer thickness of 1 mm. The image information was
stored in the format of Digital Imaging and

Communications in Medicine (DICOM) and imported
into Medraw software for 3D reconstruction.

Three-Dimensional Reconstruction and
Surgical Planning
The image data were imported into Medraw software
(Image Medraw Technology Co., Ltd., China) in DICOM
format for three-dimensional reconstruction (Figure 1).
The radiologists and clinicians jointly built a threedimensional model that included bone, muscle, blood ves
sels, urinary system and abdominal wall tumor lesions and
provided corresponding records and statistics (Figure 2).
The combination, disassembly, rotation and other methods
are used to show the anatomical relationship between
abdominal wall tumors and surrounding important organs
and provide theoretical support for the preparation of
individualized surgical plans. Combined with the classifi
cation and division of the abdominal wall, the type of
abdominal wall defect is determined.9 Preoperative accu
rate judgment and the development of individualized treat
ment plan were also made.

Enrollment and Exclusion Criteria
Size and Location
The large-sized abdominal wall hernia including parasto
mal, lumbar, lateral and subcostal locations of hernias had
a larger width ≥10 cm.10 And the loss of domain
was ≥20%.

Contamination and Soft Tissue Condition
The contaminated or dirty wound environment of patients
was a significant factor for enrolled consideration. And the
soft tissue condition could be divided into full-thickness
abdominal wall defects, loss of substance, distorted anat
omy, denervated muscles, skin grafts, wound ulcers, open
abdomen, and presence of enterocutaneous fistula.

Figure 1 CT examination and three-dimensional reconstruction of incisional hernia. (A) Transverse section examination of CT. (B) Coronal section examination of CT. (C)
Abdominal wall defect. (D) Three-dimensional reconstruction of incisional hernia with mesh.
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Figure 2 Three-dimensional reconstruction of suprapubic hernia of cystectomy patients with abdominal wall ureterostomy. (A) Distance between right ureteral catheter
and tumor. (B) The relationship between tumor, ureteral catheters and mesh. (C) Distance between right ureteral catheter and tumor. (D) Transverse section examination
of CT. (E) Abdominal wall.

Patient History and Risk Factors

Follow-Up

Patients suffered from complex abdominal wall defects
might have a recurrent hernia or risk factors such as
obesity, diabetes, old age, steroid use, or poor nutritional
state (albumin <30 g/dL) that impair wound healing. And
increased intra-abdominal pressure, previous wound dehis
cence, or previous mesh infection should also be taken into
consideration.

Follow-up was performed in outpatient and telephone
ways to understand the postoperative complications of
patients. The follow-up period was December 2020.

Statistical Analysis
Application SPSS 22.0 statistical software analysis.
Measurement data for normal distributions are expressed
as the mean ± standard deviation.

Clinical Situation
Emergency operation with bowel resection, intraperito
neal mesh removal, multiple hernia defects, and no pri
mary closure possible without component separation
were also diagnostic factors for complex abdominal
wall defects.

Observation Indicators
Three-dimensional reconstruction accurately calculates the
area of the proposed abdominal wall defect and the classi
fication and division of the abdominal wall defect; com
prehensive consideration of various factors, creating an
individualized surgical plan for the patient; statistics of
intraoperative and postoperative complications.

International Journal of General Medicine 2021:14

Results
General Situation
According to the three-dimensional reconstruction model
before surgery, 10 patients underwent reconstruction of
abdominal wall defects, and 20 patients underwent radical
tumor resection and reconstruction. The abdominal wall
defect area was 227.83 ± 157.33 cm2. The defects were
accurately typed and partitioned (Table 1); the average
operating time was 5.39 ± 2.71 h, respectively, and the
average hospital stay was 22.77 ± 11.59 days. The mean
follow-up time was 21.09 ± 9.72 months. The number of
abdominal wall surgeries was 1.60 ± 1.06. The incidence
of postoperative complications after abdominal wall
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±19.02

±3.62

23.54

±2.81

22.16

±3.61

26.28
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±0.67

1.97

±0.67

1.95

±0.67

2.00

ASA

+C(n=4)

bowel resection during emergency
surgery (n=2), old age (n=1), old age,
diabetes, recurrence (n=1), abdomen
abscess, large defect (n=1),
gynecological tumor, intestinal
resection (n=1), marginal hernia,

(n=3), M3+L
(n=1), M2+M3
+L(n=2), U+M
+L(n=1), U+M1
+M2(n=1)

+C+D+E
(n=1)

operation, gynecological tumor (n=1),
large defect, gynecological tumor

+L+M3(n=1)

(n=3)

±157.33

227.83

large defect, recurrence (n=1)

defect, bowel resection, infection (n=1),

defect, bowel resection (n=2), large

large defect, bowel resection (n=1), large

±11.59

22.77

(n=4), A+B
removal operation, bowel resection

+M3+L(n=3), U

fistula

5.39±2.71

(n=3)
+B+D+E

(n=1), large defect, infection mesh

+M3(n=1), M2
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abdominal wall metastasis (n=1), old age,

recurrence

(n=2), tumor
+E(n=6), A

(n=1), M3+L

L(n=8), M2+M3

chemotherapy therapy, mesh infection

III(n=4)
(n=4), M1+M2

±6.98

±150.16
(n=16)

17.68

232.60

and

infection

(n=2),

(n=3), A+B

Hematoma
±10.55

Bulge(n=2)

Complication

22.60

±14.06

23.10

(d)

of Stay

Length

(n=1), large defect, after hormone and

5.53±3.19

5.12±1.44

Time (h)

Operating

(n=2), U+L

fistulas(n=1)

parastomal hernias, urethral rectal

(n=1), multiple hernias, incisional and

abdominal wall dehiscence, infection

infection (n=1), old age, tracheotomy,

emergency operation, trauma,

F(n=6), B

Suprapubic hernia (n=1), trauma,

Approach

Surgical

+M2(n=1), L

M3(n=1), M1

Complex Reasons

A+B+C

II(n=16),

II (n=10)

Zoning

A+B(n=6),

±5.50

4.75

Typing

(n=10), large defect, next to the stoma

±178.90

218.30

(%)

Ratio

Marginal hernia (n=1), large defect

Infection

(n=3)

Infection

Area

Situation
(cm2)

Defect

Incision

Notes: According to the type and zone of abdominal wall defect, skin infection and tumor metastasis, the surgical methods can be summarized as follows: A: enlarged resection of abdominal wall tumor; B: mesh repair; C: tissue
component separation technique; D: organ resection; E: flap transplanting; F: laparoscopic incision hernia repair.

All (n=30)

F(n=11)

51.27

±15.43

wall tumor

(n=20)

44.65

Abdominal

M(n=9),

M (n=6),

64.50
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(n=10)
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Diagnosis

Table 1 Overview of Clinical Data of 30 Patients with Complex Abdominal Wall Defects
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had recurrence of abdominal wall tumors, two patients had
hematomas and two patients had abdominal wall bulges.
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Abdominal Wall Defect Types and Zones
The three-dimensional reconstruction of the abdominal
wall tumor can visually show that the tumor is located in
the skin layer, fascia layer or whole skin layer. The com
plex abdominal wall defects were classified into three
different types and three zones by the guidelines which
included type I, II, and III, zone M, U and L.8,9,11 The
defect were also classified from grade 1 to 4 by using the
Ventral Hernia Working Group’s (VHWG) grading
system.8

Abdominal Wall Tumors and Adjacent
Relationships Determined the Surgical
Approach
The surgical method for complex abdominal wall defects
is mainly based on the type of abdominal wall defect. If
the myofascial layer cannot be closed, synthetic or biolo
gical mesh + tissue structure separation technology may be
used. If the defect belongs to type III, the skin flap should
be transferred adjacent to the above surgical basis. If the
tumor has metastasized, only palliative tumor resection
should be performed. Abdominal wall tumors are less
than 3 cm in size. Considering the origin of transverse
abdominal muscles or oblique muscles, laparoscopic
abdominal wall tumor resection may be considered. Threedimensional reconstruction was used to accurately assess
the defect or the tumor and adjacent organs and to develop
an individualized surgical plan (Table 1).

The Patients Were Followed Up
Postoperative
follow-up
was
conducted
until
December 2020, with an average follow-up time of 21.09
± 9.72 months. The survival rate of patients was 86.67%
(26/30), and the postoperative complication rate was
23.33% (7/30).

Discussion
Complex abdominal wall defects are technically challen
ging and time-consuming. Due to the varied surgeon’s
experience, many classification systems for the corre
sponding treatment have been reported.8,9,12–14 These clas
sification systems are based mostly on surgeon experience
or involve the aid of related research or statistical analysis
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of patient cohorts. To date, there is no consensus as to
what exactly constitutes a complex abdominal wall defect.
However, four categories and three severity classes of
complex abdominal wall defects, comprehensive coverage
and accurate assessment are accepted by most surgeons.10
Therefore, we used this method to classify patients and
accurately evaluate them preoperatively in our study.
The traditional preoperative evaluation of abdominal
wall defects mainly relies on CT or MRI examination
imaging data combined with the surgeon’s spatial imagi
nation and clinical experience, which is sometimes inac
curate and vague and even affects the selection of surgical
methods, especially for uncertain complex cases. Threedimensional reconstruction plays an important role in the
accurate assessment of abdominal wall defects and the
guidance of preoperative planning. Through threedimensional reconstruction and analysis of CT data, sur
geons can stereoscopically and comprehensively observe
the location, shape and size of lesions to improve preo
perative planning.4 The main advantages are summarized
as follows. Through accurate calculation and simulation,
we can calculate the area, classification and zoning; the
distance to the abdominal surface landmarks and the most
suitable mesh size and simulate the process of the opera
tion. Combined with the local incision and comprehensive
situation, a personalized surgical protocol is developed
before the operation.
If the abdominal wall defect is caused by the tumor, the
effect of three-dimensional visualization technology is more
significant. It cannot only complete the above basic informa
tion, but it can also accurately calculate the size and location
of the tumor and the expansion of the abdominal wall tumor
resection, assess the type and division of abdominal wall
defects, determine whether the tumor invades adjacent
organs or distant metastases and simulate the main surgical
process. In addition, it can facilitate communication between
doctors and patients and alleviate the contradiction between
doctors and patients to a certain extent. Regarding the rela
tionship with adjacent organs for precise preoperative pre
vention, if the tumor invades the blood vessels, ureters,
intestines and nerves, it is necessary to make adequate pre
operative preparations for the corresponding tissue and organ
resection, which is of great significance in improving the
success rate of surgery and the satisfaction of doctors and
patients and reducing postoperative complications. In this
study, all patients were given accurate calculations, simula
tions, assessments, and prevention through three-dimensional
reconstruction. Among them, the proportion of abdominal
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wall tumors invading surrounding tissues and organs was
60.81% (14/23). Visceral invasion includes the peritoneum,
sacrum, pubic bone, ribs, intestines, iliac vessels, bladder and
uterus. Before surgery, we develop a personalized surgical
plan through multidisciplinary discussions.
For secondary abdominal wall tumors, invasion of adja
cent organs, including invasion of the blood vessels, nerves,
intestines, bladder and uterus, is often complicated, and the
complexity of the operation is increased. All the informa
tion cannot be visually and accurately presented during the
operation, and it is impossible to simulate the operation by
traditional methods. Three-dimensional visualization tech
nology can perform three-dimensional reconstruction of
abdominal wall tumors, transform two-dimensional images
into volume images and display the adjacent relationship
between abdominal wall tumors and surrounding tissues or
organs in an all-round, multiangle and transparent manner.
Different splitting and combining pairs can be combined.
Selective observation of specific lesions, especially the
invasion of adjacent abdominal wall tumors to adjacent
tissues or organs, can be rotated to observe the distance
between the lesion and the intestines, blood vessels or
ureters in a three-dimensional plane at multiple angles to
achieve accurate preoperative prevention. Three-

dimensional visualization, as a new technical method,
plays an important role in preoperative evaluation and sur
gical planning and has been used popularly in liver and
pancreas surgery.4 To date, there is no relevant research on
abdominal wall tumors. In this study, three-dimensional
reconstruction was used to evaluate abdominal wall tumors,
which included location, size, classification and zone of
abdominal wall tumors as well as adjacent tissue invasion
and the presence of distant metastases. The abovementioned
case summarized that the advantages of three-dimensional
visualization were better reflected in cases of secondary
abdominal wall tumors.
Abdominal wall tumors can be divided into primary and
secondary abdominal wall tumors. Desmoid tumors, caused
by the proliferation of mesenchymal stem cells that can occur
in any part of the body, were the most common primary
abdominal wall tumors in our study (Figure 3). Tumors in
the limbs have the worst prognosis, and abdominal tumors
have the best prognosis, with a local recurrence-free survival
rate of 91% in 5 years.15 Incomplete surgery or trauma can
stimulate cell proliferation, and the recurrence rate after tradi
tional surgery can reach up to 50%.16 Therefore, enlarged
resection is an important treatment method; however, its threedimensional reconstruction is generally relatively simple.

Figure 3 Primary abdominal wall tumor. (A) Three-dimensional reconstruction of tumor. Red arrow indicates tumor (green marker). (B) Three-dimensional reconstruction
view from above. Red arrow indicates tumor (green marker). (C) Transverse section examination of CT. (D) Abdominal wall.
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Secondary abdominal wall tumors are more compli
cated, and two major factors need to be considered before
surgery (Figure 4). The local condition of the abdominal
wall tumor includes the location of the abdominal wall, the
situation of soft tissue around the tumor and abdominal
wall, with or without infection or contamination, the extent
to which the abdominal organs or adjacent organs were
invaded, etc. The comprehensive condition of patients is
another major factor. Evaluating whether the tumor has
extensive metastasis or the patient can tolerate surgery is
key before surgery. Enlarged resection is the main method
for the treatment of abdominal wall tumors. Regardless of
the initial or multiple operations, the resection range
should be sufficient. In principle, it should exceed the
tumor margin by 2 to 3 cm. In addition, it should be
used in conjunction with rapid intraoperative pathological
examination to ensure that the resection margin is free. For
giant abdominal wall tumors or tumors in special loca
tions, the huge abdominal wall defects often caused by
enlarged resection pose a great challenge to the surgeon.
Therefore, before abdominal tumor surgery, especially in

Song et al

patients with complex abdominal wall defects, accurate
assessment of the abdominal wall tumor and its adjacent
organs is required.
In summary, three-dimensional visualization can create
a safe surgical resection range, accurately assess the type and
division of abdominal wall defects, indirectly guide the for
mulation of surgical plans and avoid damage to important
organs. As a new clinical disease diagnosis and treatment
mode, three-dimensional visualization provides clinicians
with three-dimensional, intuitive and comprehensive image
information, analyzes the relationship between abdominal
wall tumors and adjacent organs and provides more reliable
protection for difficult abdominal wall surgery.
Based on our experience, the local abdominal wall con
dition for complex abdominal wall defects need precisely
assessed in pre-operation. The guidelines and 3DV technol
ogy can help accurately evaluate local conditions, the type,
and zone of abdominal wall defect. And 3DV can further
assess the invasion of abdominal wall tumor, defect area, and
the size of mesh for surgery. 3DV also avoids intraoperative
and postoperative risks, helps to develop personalized

Figure 4 Secondary abdominal wall tumor. (A) Transverse section examination of CT. (B) Three-dimensional reconstruction of tumor (green marker). (C) Abdominal wall.
(D) Size of tumor. (E) Abdominal wall defect.
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treatment plans for patients. However, three-dimensional
reconstruction is still insufficient due to the limitations of
technology. Based on image information, the boundary
between nerves and surrounding soft tissue cannot be accu
rately distinguished. The diagnoses cannot be automatically
completed by a computer and the participation of radiologists
and surgeons are required.

Conclusion
Three-dimensional visualization technology can be used
for accurate evaluation of patients with complex abdom
inal defects before surgery and help surgeons design per
sonalized surgical plans for patients.
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